The urgent need for sustainable energy choices, local sustainable value creation, and reduction of import dependencies and non-sustainable resource use in Namibia cannot be over emphasised. This study was conducted with the ultimate goal to provide the basis for accurate energy fuel mix and climate change monitoring, and reporting and planning for addressing a global problem at local/domestic level. The energy consumption and production data for the country were used with International Panel on Climate Change (IPCC) and International Energy Agency (IEA) conversions, and carbon footprint calculation tools to determine the GHG emissions and air pollutants per type of energy fuel; and the carbon footprint associated with each energy fuel option for the country. The study showed that: 1) there is no single energy fuel which is not associated with GHG emissions and/or other environmental implications; 2) increase in population and energy consumption and production yields increase in GHGs and other major pollutants (SOx, NO x , Particulate Matter); and 3) the choice of fuel mix determines the success of GHG emissions reduction. A future energy mix dominated by renewable energy technologies; and a balanced view of the actual benefits of the Namibian energy supply choices was also recommended.
Materials and Methods
The methods used for this study include secondary research on the population statistics, energy demand/consumption and production in Namibia, calculation of GHGs and air pollutant emissions based on the data from the Namibian national planning agencies and electricity supply and control boards. The GHGs and air pollutant emissions as a function of electricity production were determined following using purposive data acquisition outside organisational boundaries, and content analysis methods in Kgabi et al. (2014) [7] ; and the primary energy use by means of the Cumulative Energy Demand method implemented in Ecoinvent by Alsema et al. (2006) [8] .
Results

Energy Consumption/Demand
The most dominant sector of energy in Namibia is the liquid fuel which includes petrol and diesel and accounts for about 63 percent of total energy net consumption, followed by electricity with 17 percent net consumption, then coal with 5 percent, the remaining 15 percent is from other types of energy [5] . The findings presented in this study are focused on electrical energy.
Electrical Energy Demand
Projections of the electrical energy demand for the country are shown in Figure 1 as reported by [9] . The electrical energy demand increases with population and industrialisation. The increase in demand also creates the need for increased electricity production and GHG and air pollutant emissions.
The demand for electricity also increases with increase in population, particularly urban population. The projected urban and rural population data sourced from [4] is shown in Table 1 .
Electrical Energy Consumption
The overall consumption for the country is shown in Figure 2 . The high percentage of losses has negative impacts both on electricity supply costs and accounting for GHGs emissions associated with distribution. The 18% consumption by Skorpion Zinc Mine is cause for concern considering the current energy crisis in the country. The consumption by an electro-winning smelter is an equivalent of Windhoek City, which is home to more than 350,000 residents and various industries. According to Kgabi et al. (2014) [7] , Electrical transmissions and distribution systems contribute significantly to emissions of sulfur hexafluoride (SF 6 ), which is also a GHG. The losses during distribution also add to the emissions.
Electricity consumption by urban areas in Namibia was estimated by Kgabi et al. (2013) [10] as 71% based on energy fuel mix of selected towns including Karibib with the following consumption of 66.89% electricity, 17.93% wood and coal, 13.8% gas, and 1.38% paraffin; Lüderitz-Electricity (76%), Gas (19%), Wood and coal (4%), Paraffin (1%); and Ondangwa with Electricity (70.59%), Gas (14.71%), Wood and Coal (10.29%), Paraf-fin (4.41%). It is worth noting that the choice of fuel mix has direct implications for the type and quantity of GHGs and air pollutants. Table 2 shows the population and electrical consumption/utilisation of selected urban areas in Namibia, compiled from data obtained from the National Statistics Agency (2011) [11] .
The country urban average shown in the last row is not a sum total of selected urban areas listed in the Table nor statistical average, it includes all urban areas in the country.
The data presented in Table 2 also show that in general, the countrywide electricity consumption for the past six years have been at least double the production.
Electrical Energy Production-Fuel Mix
The Namibian electrical energy mix is characterised by varied sources from different countries. The contribution of different sources can be categorised into coal-fired (from Van Eck-Namibia, Zimbabwe Electricity Supply Authority (ZESA), and Electricity Supply Commission-South Africa (ESKOM), Diesel Oil (from Paratus and Anixas Power Stations-Namibia), Hydro (Ruacana-Namibia, Electricidade de Moçambique (EDM), Zambia Electricity Supply Corporation Limited (ZESCO), and some unspecified sources (Short-term Energy Market (STEM) offered through the Southern African Power Pool (SAPP)). An estimate of the Namibian electrical energy mix is presented in Figure 3 based on the data extracted from [9] . Figure 3 . Estimate contribution of different fuel types to the electricity production in Namibia.
For accurate reporting and reduction of GHGs and other air pollutants, it is essential for the planners, decision makers and the scientific community to have an accurate and complete picture of the electricity generation sources utilised by the country and/or local energy suppliers. According to VO Consulting [9] , the Namibian local electricity generation (from the four NamPower stations) accounted for 36.6% (1430 GWh) of the total energy/power supply in 2010/11. About 98.2% of the 1430 GWh (i.e. 1404 GWh) was generated from Ruacana (hydro), 1.4% (20.02 GWh) from Van Eck (coal), 0.3% (4.29 GWh) from Paratus (diesel oil) and 0.1% (1.43 GWh) from Anixas (diesel). Based on the information provided above, it can be concluded that the total electrical energy/power supply in 2010/11 was 3907 GWh.
It was also reported that Eskom South Africa provides up to 53% of Namibian Electricity from Coal-Fired Power Plant(s). Thus, the Eskom contribution for 2010/11 is assumed to be 2070 GWh. Considering the fact that ZESA provided up to 150 MW from the coal-fired Hwange station from 2008-2014, EDM provided 2.5% of total Namibian supplies in 2009/2010, and ZESCO supplies firm capacity of 50 MW for 2010-2020; contribution of the three suppliers in 2010/11 is thus computed as follows: 0.0039% (0.15 GWh), 2.5% (97.68 GWh) and 0.0013% (0.05 GWh) for ZESA, EDM and ZESCO respectively. Thus the Namibian electrical energy mix for 2010/11 can be represented (in percentages) as shown in Figure 4 . The 7.65% described as unknown might be inclusive of renewables and unidentified sources. The Namibian electricity supply is highly reliant on imports from different countries Reliance on imports was reported by Manuel 2013 [5] as summarised in Table 3 .
Both the production and imports are largely from non-renewable sources, thus increasing contribution to GHG emissions and air pollutants.
Renewable Energy Supply
Namibia has access to various renewable energy sources including biomass, hydro, solar and wind. The availability and potential energy output for selected sources is documented by von Oertzen (2009) [12] as 1100 TWh from biomass, assuming a 10 tons of bushy biomass per bush-infested square hectare from extensive areas in Namibia (of the order of 26 million hectares) covered by invader bush; 1.3 TWh from Ruacana hydro-electric power station; 0.08 TWh per annum per 50 MW of solar photovoltaic (PV) plants installed capacity from annual solar radiation average exceeding 6 kWh per square meter per day; and 0.12 TWh per annum from a typical 50 MW wind farm positioned on the southern coast. Despite the current energy crisis in the country, these readily available resources have not been utilised. If utilised, the renewable energy sources could augment the current electricity production/supply, and accelerate the reduction in GHGs and air pollutant emissions.
The total renewable energy supplied from 2000 to 2011 (MWh) is shown in Table 4 based on data reported by Electricity Control Board of Namibia (2014) in [5] .
GHG Emissions
The Commonwealth of Australia (2006) [13] reported that CO 2 proximately 20 percent and oil-fired plants for approximately 10 percent. It is thus imperative to report countrywide emissions from different sources.
GHGs from Electrical Energy Supply
The emissions in Figure 5 below are reported in thousand (kilo) tonnes CO 2 e based on the production/supply data given in Figure 3 . Conversion factors of 888 ton CO 2 e/GWh for coal and 6 ton CO 2 e/GWh for Hydroelectric from the IEA were used for calculations. The unspecified sources were assumed to be coal. Though the CO 2 e is inclusive of all the GHGs depending on the source, it is imperative to delineate all the GHGs separately for each source/fuel type. For example, as a GHG, CH 4 has a warming potential in the atmospheric sink that is approximately 25 times greater than CO 2 per 100 years [14] .
For the purpose of generating projections data and for demonstrating the effect of renewable energy sources in the electrical energy mix; the period 2010/11 (herein referred to as 2011) in Figure 4 with consumption of 3907 GWh generated from 53.51% coal, 38.44% hydro, 0.4% diesel and 7.65% unidentified sources; was used as base year. The maximum percentage increase (4.5% per annum) in electrical energy demand reported by [12] in Figure 1 was used to determine the projections. The 7.65% unidentified sources was first assumed to be coal, yielding the emissions in Table 5 , then renewables (4% solar PV and 3.65% wind), yielding the GHGs in (Table 6) .
A change from the current energy mix presented in Table 5 (61.16% Coal (i.e. 53.51% coal + 7.65% unknown-assumed to be coal), 38.44% Hydro, 0.4% Diesel) to the mix in Table 6 (53.51% Coal, 38.44% Hydro, 0.4% Diesel, 4% Solar, 3.65% Wind) the country could benefit from a 6.1% reduction in GHG emissions. However, to effectively reduce reliance on import of electricity and electricity generating fuels like coal and oil, it would be advisable to effect a rapid (5-year steps) change to the electrical energy mix by reducing the proportion of coal:hydro:diesel:solar:wind.
This study thus proposes the energy mix with component percentages summarised in Figure 6 , to achieve an overall GHG reduction of 51% (Figure 7) .
Introduction of renewables into the country energy mix has been proved to reduce the GHG emissions. For example, in 2013, the roughly 168 million megawatt-hours (MWh) generated by wind energy delivered 4.1% of US generation and avoided over 96 million metric tons of carbon dioxide (CO 2 )-the equivalent of reducing power-sector CO 2 emissions by 4.4%, or taking over 16 million cars off the road [15] .
Also, a study by the Electric Reliability Council of Texas (ERCOT) found that 9400 MW of added wind capacity on their system would avoid 17.6 million tons of CO 2 [15] .
GHG Emissions from Renewables
Though the actual GHG emissions from the electricity generation process using renewables is usually assumed to be zero, the carbon neutrality of most renewables has been re-examined and summarised by the International Energy Agency [1] in Table 7 . It should be noted however, that the GHGs associated with renewable energy sources are normally emitted during the construction and decommissioning processes, not the actual generation. The GHGs from the annual renewable energy supply (tonnes CO 2 e) is summarised in Figure 8 , following the mean emissions data presented in Table 7 .
Air Pollutant Emissions
Fossil fuel combustion produces pollutants with environmental and health impacts, including sulphur oxides (SO x ), nitrogen oxides (NO x ) and particulate matter, and also contribute to climate change [13] . The main elec- [7] . The main air pollutants (SOx, NOx and PM) shown in Figure 9 for a typical coal-fired power station were quantified in tonnes per annum following Eskom (2008) [16] i.e. SO x emissions = electricity consumption × 8.69; and NO x emissions = electricity consumption × 4.39; PM emissions = electricity consumption × 0.23.
An increase in air pollutant emissions with increase in electrical energy consumption (leading to high generation/production) from 2390 to 3711 GWh within a ten-year period is evident for the 2011 to 2021 period. The continued increase should be expected if the fuel mix is not altered by increasing the readily available renewables i.e. solar and wind power.
Trace gases and aerosols impact climate through their effect on the radiative balance of the earth. The trace gases such as greenhouse gases absorb and emit infrared radiation which raises the temperature of the earth's surface causing the enhanced greenhouse effect. Aerosol particles ranging from dust and smoke to mists, smog and haze have a direct effect by scattering and absorbing solar radiation and an indirect effect by acting as cloud condensation nuclei [17] . Figure 9 . Main air pollutant emissions from the Namibian coal-fuelled energy production/consumption. Figure 10 . Pollutants from coal combustion during electricity generation [7] .
It is thus imperative to determine the all the pollutants directly associated with fuel combustion during electricity generation/consumption. Air pollutant contribution from coal combustion during electricity generation is presented in Figure 10 .
The combustion of 1 kg of coal results in emission of 19 g SO 2 , 1.5 g NO x , 5 g VOCs, 4.1 g PM10, 14.7 g TSP, 187.4 g CO and 0.0134 g benzene (Friedl, et al. 2014) [18] . It can therefore be concluded based on the information from [18] that air pollutants form 23.17% (231.71 g from the 1 kg coal) of the amount of coal used for electricity generation. All the pollutants represented in Figure 10 have potential to act as GHG pre-cursors, thus contributing to enhance the greenhouse effect.
Conclusions
